An experiment was conducted for identifying the most efficient tillage method using the sub-soiling plough for enhancing some of physical properties of the heavy clayey soils. The experiment was conducted on a heavy clayey soil of an area 1800 m² located in Serewa village -Belqas -Daqahlia. This area divided into 4 adjacent plots, each one has a dimensions of (9m x50m) and was allocated only, for one treatment. The surface irrigation was the system applied and the amount of irrigation water added was equal for each plot (22.5m³) and was applied at the same time for all plots. Furthermore, an accounting for the rate of water flux in mm/day beneath soil profile along subsequent ten days from saturation was the last objective of this research. Only, four treatments were involved in this research as (Treat.1): subsoiling plough at 40cm depth with a lateral spacing of 150cm, (T2): sub-soiling plough at 60cm depth with a lateral spacing of 150cm, (T3): sub-soiling plough at 40cm depth with a lateral spacing of 300cm and (T4): sub-soiling plough at 60cm with a lateral spacing of 300cm. For all plots, the sub-soiling plough was followed by chisel plough at 20cm depth and laser-controlled leveller at the dead level. All the data obtained clearly indicated that, the second treatment (T2) achieved the highest mean value of soil infiltration rate (2.2 mm/h) over all treatments and the lowest mean values for the cone penetration resistance, water content and bulk density at the surface layer of soil profile after tillage (2.41 M.Pa), (17.74 % w/w) and (1.17 g/cm³), respectively. Whereas, at saturation, it achieved the highest mean value of the water content (62.78 %w/w) and the lowest mean value of penetration resistance (.01 M.Pa). On the other hand, the mean value of the water content rested in the soil of the second treatment at the tenth day from saturation was (24.68 %w/w), producing the highest water flux (4.29 mm/day). Also, the second treatment achieved the shortest period of time needed until all amount of the deluge imposed on the soil surface after irrigation be completely infiltrated (20 h.).
INTRODUCTION
In Egypt, in Nile Valley and Delta, especially, northern Delta, it is known well that, the heavy clayey soil (which is classified as an imperfect or poor drained because of its low hydraulic conductivity <1mm/day, salinity, alkalinity) is the most spread type of soils, the most irrigation system applied is that surface irrigation and chiseling is the most tillage method used. As a result of these familiar farming practices and poor drainage conditions of the heavy clay soils, a considerable portion of the deluge of irrigation water added by the surface irrigation system is evaporated from the soil surface, especially, during the first sowing irrigation. Witney (1988) reported that, the water status being exist in the soil governs the rate of drainage and the rate of evapotranspiration. Hence, as the soil dries out, as a draining of additional water from the soil, becomes progressively more difficult. Thus, not regarding for this fact in the past has led to excessively high estimates of soil workdays. Bowles (1984) explained that, a distinction has been made between the water content determined in the laboratory on laboratory specimens and water content, which indicates the instantaneous field value (determined in situ).This later value is termed the natural water content of the soil and given the symbol (wn). Ibrahim (2004) defined available water as, the amount of water a soil holds between its condition at field capacity (at a negative apparent pressure of .1 to .33 bar) and at its permanent wilting point (at 15 bars). The total available water will vary from 25cm/m for silt loams to as low as 6cm/m for sandy soils. Also, Keller and Bliesner (1990) reported that, the total amount of soil water available for plant use in any soil is the sum of the available water holding capacities of all horizons occupied by plant roots. Witney (1988) explained that, the water storage capacity of the soil after deducting the water films held on the particle surfaces at the permanent wilting point is often called the antecedent soil moisture index. Barnes (2000) reported that, the fine grained soil (silt or clay) usually behaves as a plastic or cohesive material since, a lump of such soil can have its shape changed or re-moulded without a change in soil volume or breaking it up. Those two properties (plasticity and cohesiveness) are found to be dependent on the amount and mineralogy of the fines and the amount of water present. Iqbal (1998) added that, if either liquid or plastic limit cannot be determined, the soil is termed non-plastic or NP. The plastic state of a natural soil is indicated by the liquidity index (LI). Asawa (2005) demonstrated that, the infiltration of water is the property of a soil which affects surface irrigation. It not only controls the amount of water entering the soil but also the overland flow. Infiltration is a complex process which depends on: soil properties, initial soil moisture content, previous wetting history, permeability and its changes due to surface water movement, cultivation practices, type of crop being sown and climatic effects. El-Banna and Helmy (1992) reported that, the soil bulk density also, can said to be wet density and dry density. Since, wet density refers to the total soil mass (the weight of soil particles plus water), whereas the term dry density only expresses the weight of dry solids in the soil sample. Michael (1986) explained that, when the bulk density of a medium to fine-textured sub-soils exceeds about 1.7 g ∕cm³, the hydraulic conductivity value will be so low, the drainage may become difficult. Luo-XiWen, et al. (1997) stated that, the soil strength decreased by using a winged sub-soiling plough. Khalilian, et al. (1999) reported that, there was a significant reduction in cone index values at the top 30cm of the dry soil plots in comparison to the plots which were irrigated without tillage. Witney, et al. (1982) and El-Banna (1986) found that, the soil strength was related to the main physical and mechanical properties of the soil such as (cohesion, adhesion, angle of internal friction, soil metal friction, viscosity, elastic modulus and bulk modulus), (bulk density and water content), geometry of the probe and manner of the probe movement in the soil. El-Banna and Witney (1987) stated that, the cohesion is directly proportional to the clay ratio and inversely proportional to an exponential function of the soil water content. El-saadawy and abd El-latif (1998) showed that, the levelling under.1% ground surface slope achieved high water application efficiency (WAE). It is also,better to use 50m irrigation border length for obtaining the highest value of water utilization efficiency (WUE). El-Mowelhi, et al. (1995d) stated that, the traditional method of land levelling followed by the dead level treatment, received the highest amount of irrigation water, while at ground surface slope .1% treatment received the lowest amount of irrigation water.
The present research aimed to select the most efficient tillage method using the sub-soiling plough for enhancing some of physical properties such as the soil infiltration, water holding capacity and drainage conditions of the heavy clayey soils in Egypt, terminating a protection for a portion of the flooded irrigation water added by the first sowing irrigation from evaporation.
MATERIALS AND METHODS

Research headlines and soil sampling techniques in detail:
• In this study, it was need not for cultivating any crop or a plant coverage, since, the most significant quantity of irrigation water lost by evaporation is only from the first sowing irrigation. Furthermore, a tracing for that period of time elapsed until all amount of water added in irrigation be completely infiltrated from the soil surface, was involved in this research.
Since, this elapsed time, was anticipated to be in a proportion to the different tillage treatments. • Just before coming into the different treatments, five soil samples were taken by the hand auger at the three layers of soil profile for determining the initial water content of the soil and also, there were a five cores used for obtaining another five samples for determining soil bulk density at the same positions and layers of the last others taken by the auger. • It was very significant for all levelling processes to be carried out at the dead level for all plots of the experimental field. The equipments used in tillage and levelling operations: All tillage and levelling duties were conducted using the tractor Belarus (D243.1). Its technical specifications as in table (1): All plots of the experimental field were tilled at 20cm depth using the mounted chisel plough two crossed times, after the tillage by the sub-soiling plough has been done (Table 2) . Share angle, deg. 20˚
The sub-soiling plough used: The tillage using sub-soiling plough was performed at a depth of 40cm. for the first and third plots with a lateral spacing of 1.50 and 3.00m. respectively, in-between each two adjacent tiles. But, for the second and fourth plots, it was conducted at 60cm. depth with a lateral spacing of 1.50 and 3.00m, respectively. The chemical analyses of the tested soil and irrigation water: A number of five water samples obtained from a positions extended along the irrigation water supply and at an approximate depth of 30cm below the water surface. Also, other number of five soil samples were collected randomly by the hand auger at three layers (20,40 and 60cm) from the whole area of the tested soil before coming into the different treatments. Both soil and water samples were brought to the soil and water research laboratory so that, Ec, SAR, Caco3 analyses can be determined using the procedures of Black et al. (1965) .
Particle size distribution analysis: The analysis for separating soil assemblies was conducted using the international Pepette method based on Gee and Bauder (1986) using the hydrometer method and the sodium hexameta phosphate was the dispersing agent used.
Determination of soil bulk density (ρb):
The soil bulk density was determined using the core method of Black (1965) . Since, a number of five soil samples were collected from the tested soil by the cores of a size (53mm inner diameter by 50mm depth ( and placed into an oven to be dried well at 105 ºc for 24 hours. Hence, the bulk density was calculated using the following formula:
Where: ρb = soil bulk density (g/cm³); Ws = weight of dried mass, g; Vt = total volume of soil mass, cm³.
Determination of soil penetration resistance: The standard cone penetrometer was used to obtain soil strength values by direct measuring in the experimental field at three depths (20, 40, 60cm.) of soil profile and also, at five positions were randomly selected over the soil surface. Readings of the cone penetrometer were recorded before and after tillage and along subsequent ten days after irrigation. The model of the cone penetrometer used was S4612, C.O.E. type. It is furnished with a calibrated proving ring, handle extension, two cones and a calibration chart.
Soil water content:
The soil water content was determined for that five soil samples which were collected by the hand auger of a 7cm diam. at (20, 40 and 60cm) depths of the tested soil using the laboratory procedure of the gravimetric method of ASAE (1978):
Where: w = water content (w/w) %; Ww = weight of water, (g); Ws = weight of the dried soil, (g).
Determination of soil infiltration rate:
The infiltration rate was determined over five sites before and after tillage using the standard test of ASTM (2003) using the double ring infiltrometer. This device has two cylinders or rings of a size (the inner ring of 30cm diameter, the outer one of 60cm diameter and both the two rings of 50cm height).
The model equation used for soil water flux computations:
The soil water flux through soil profile in (mm/day) for each treatment along subsequent ten days from saturation was calculated using the final form of the following equation for El-Banna (1993):
---------------(3) Where: Qr = drainage flow, mm/day; θn-1 = water content on previous day, mm; K = hydraulic conductivity, mm/day, (It was statistically analyzed previously for different soil types by El-Banna 1993).
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Ww .(1) : Cum. infilt. depth (cm.) and infiltration rate (cm/h) plotted against time (min.) for the whole area of the tested soil. Fig.(1.1) : Cum. infilt. depth (cm.) and infilt. rate (cm/h) plotted against time (min.) for all treatments and for the reference field after tillage.
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Referring to, the relationships plotted in figures (1and1.1) for the whole area of the tested soil before tillage and for all plots after tillage. The mean value of the basic infiltration rate obtained from the whole area of the tested soil before tillage was the lowest one (1.1cm/hr) under all the mean values obtained after tillage. This value of the basic infiltration rate of the experimental field before tillage, is essentially, appears to be normal, since, the soil before tillage is generally, anticipated to be more compacted than after. Whereas, the mean values obtained from all plots of the tested soil after tillage, when compared to each other, the second treatment (T2) recorded the highest mean value (2.2cm/hr) over all treatments and the third treatment (T3) recorded the lowest value among them (1.4 cm/hr) but when the mean values of the four plots were compared to the other of the reference field, the latter recorded the most little one among them (1.2 cm/hr).Those preceded mean values and the differences among the different treatments found to be reflected by the same manner in fig.(3.2) .Since, the plotted curve of the T2 found to be at the highest position over all other plots of the different treatment and reference field. Considering, the data obtained of cone penetration resistance in the previous table (5). It was clearly shown that, the mean values measured for the whole area of the tested soil before tillage, were significantly larger than of the others obtained for all treatments after tillage along the three studied layers of soil profile. On the other hand, after tillage, when each treatment was compared to each other, it was noticed that, the third treatment (T3) recorded the highest mean values among them (2.49, 2.22 and 1.95 M.pa.) but the lowest values were obtained from the second treatment (2.41, 2.13 and 1.87 M.pa.). Generally, all values of the soil strength obtained from all treatments indicate that, all the deep tillage treatments using sub-soiling plough caused the sever cohesion known well for the heavy clayey soil when dry to be loosened up, resulting in, at the same time, a more enhancement for its bulk density and porosity.
Soil penetration resistance:
Considering, fig. (2) , the second treatment recorded the lowest mean value at the first day from saturation (.079, .023 and .012M.pa.) for the three studied layers, respectively and also, along the subsequent ten days from saturation under all the different treatments. Also, as in fig. (3.3) , its plotted curve, shown to be placed at the lowest position under all the different treatments. On the other hand, the third treatment achieved the highest mean values (.18, .132 and .077m.pa.) at the first day from saturation and its plotted curve found to be at the highest position and to a much more high the reference field is. Fig. (2) : The mean values of penetration resistance in (M.pa.) at 20cm depth plotted along subsequent ten days from saturation for all treatments.
The soil water content:
The data recorded in table (6) for the mean values of soil water content calculated as % (w/w) and associated bulk densities, it is clearly noticed that, the water content values obtained for the whole area before tillage along the three considered layers of soil profile were generally, higher than those obtained from all plots after tillage.
Also, as shown in table (6), relating to the different treatments after tillage, when compared to each other, it can be generally seen that, the second treatment (T2) possessed the lowest mean values (17.74, 19.93 and 21.32 %w/w for layers A, B and C, respectively), but the highest ones were obtained from the third treatment (T3) (20.64, 22.83 and 24.22 %w/w for layers A, B and C, respectively) and the mean values of the first treatment (T1) (18.84, 21.03 and 22.42 %w/w for layers A, B and C, respectively) were slightly lower than the fourth treatment (T4) (19.44, 21.63 and 23.02 %w/w for layers A, B and C, respectively). The plotted curves in fig. ( 3) also, were in harmony with the preceded mean values recorded in table (13) since, the plotted curve of the second treatment shown to be at the lowest position beneath all the plotted curves but, of the third treatment inversely, at the highest position over all treatments and to a much more high for the reference field which achieved mean values of (21.46, 23.65 and 25.04 %w/w for layers A, B and C, respectively). Fig. (3) : The mean values of soil water content % (w/w) through the studied layers of soil profile for (the whole area before tillage) and (for all treatments and reference field) after tillage.
A tracing for the soil water flux under different tillage treatments:
The soil water flux term is related mainly to the conception of drainage coefficient which was subsequently derived from the soil hydraulic conductivity computations using Darcy΄s law. Fig. (4) : The water content %(w/w) plotted against day No. through the top layer of soil profile and along subsequent ten days from saturation for all treatments and also, for the reference field. The plotted curves in fig. (4) indicate that, when the soil water flux only through the top layer for all treatments is compared, it found that, the second treatment (T2) recorded the highest mean value of the steady state rate of soil water flux at the tenth day among them (6.57 mm/day). On the other hand the third treatment (T3), inversely, possessed the lowest mean value among them (5.37mm/day) also, at the day (No.10). It can be also shown, there is a slight deference between both the two treatments (T1 & T4). Since, the mean value of the first treatment (4.59mm/day) was slightly higher than of the fourth treatment (4.83mm/day).
The plotted curve of the second treatment is placed at the highest position at saturation but, as a result as its higher rate of drainage, it changed rapidly to be placed at the lowest position since, its mean value of the water content remained in the soil at the tenth day (24.68%w/w) became the lowest one among the different treatments which subsequently, produces the highest drainage rate as mentioned above. It should be noticed that, the lower numerical value of the soil water flux for any treatment means that, the drainage is reached to its steady state condition at a lower value of the water content but the soil water flux then, is being described as a higher. Thus, the plotted curve of the second treatment shown to be under all of the other treatments, throughout the ten days after irrigation.
Conclusion
As a main points extracted from the preceded discussion, it can be noticed well that, the soil of the second plot (T2) which was tilled using a subsoiling plough at 60cm depth with a lateral spacing of 150cm, recorded the lowest mean values of the water content after tillage among the different deep tillage treatments of this study (17.74 for layer A, 19.93 for layer B and 21.32 for layer C %w/w).
Inversely, it achieved the highest mean values of the water content at saturation (62.78 for layer A, 64.89 for layer B and 66.29 for layer C %w/w) and also, it achieved the highest mean values of the steady state water flux at the tenth day from saturation (4.29 for layer A, 5.31 for layer B and 6.57 for layer C mm/day) over all plots of the experimental field. Since, the mean values of the water content obtained from the reference field were (21.46 for layer A, 23.65 for layer B and 25.04 for layer C %w/w), (54.03 for layer A, 56.14 for layer B and 57.54 for layer C %w/w) after tillage and at saturation, respectively, and also, the mean values of the steady state soil water flux obtained from the reference field at the tenth day from saturation were (5.57 for layer A, 6.79 for layer B and 7.94 for layer C mm/day). Thus, it can be said that, those results obtained from the second treatment would have been shown to be significantly larger than the others obtained from the reference field (control field), if a comparison was occurred among them. Also, the period of time needed or the time elapsed until all the deluge of irrigation water imposed on the soil surface for the second treatment was the shortest one among all treatments. Since, through a visually tracing for the irrigation water flooded, this elapsed time was appreciated to be 20 hours for the second treatment and (28, 32 and 40 hours) for the first, fourth and third treatments, respectively, but for that plot of the soil which was selected apart to be as a reference or as a control field, it was approximately two days. So, within the previous data, it was clearly shown that, in such type of the heavy clayey soils, the deep tillage applied in the second treatment is the most effective manner using the sub-soiling plough for enhancing such soil physical properties attached to the soil-water relationships and at the same time, if any increase occurred in tillage depth over 60cm or any lateral spacing narrower than 150cm can cause an inverse action in the process of irrigation water conservation, since, an excessive water flux through soil profile than permissible, then, would be occurred.
